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Apocynin Induces Rapid Inhibition and Slow Facilitation of ICa,L and
Decrease and Increase of Reactive Oxygen Species in Rat Ventricular
Myocytes
Rikuo Ochi, Sachin A. Gupte.
University of South Alabama, Mobile, AL, USA.
Ion channels are exposed to cellular redox change. Exogeneously applied reac-
tive oxygen species (ROS) modulate ICa,L. However, whether and how ICa,L is
regulated by endogenous redox still remains largely unknown. Apocynin
(APO), a methoxy-substituted catechol with NADPH oxidase inhibitor and an-
tioxidant actions, reversibly inhibits ICa,L. We analyzed effects of APO on ICa,L
and dichlorofluorescein fluorescence (DCFF) which indicates cumulative activ-
ity of ROS or H2O2 simultaneously in rat ventricular myocytes. ICa,L and DCFF
were continuously recorded at 1/30 s and APO (10 mM) was applied for 5 min.
Changes in ICa,L and DCFF were basically in parallel. APO rapidly inhibited
ICa,L by 51% of control associated with 12% reduction of DCFF. Then, they in-
creased slightly in the presence of APO and rapidly and greatly after its wash-
out resulting ICa,L to 1.3 fold and DCFF to 1.2 fold of control. N-acetylcysteine
(NAC,10mM), a precursor of glutathione (GSH), slightly decreased the APO-
induced inhibition of ICa,L and increased following facilitation of ICa,L resulting
the final amplitude to 1.6 fold. In the presence of NAC, ebselen (Ebs, 105 M),
a H2O2 scavenger, little affected APO-induced inhibiton but decreased the fa-
cilitation of ICa,L to 1.2 fold increase and decreased the magnitude and duration
of washout-induced increase of DCFF. Biochemical analysis revealed that APO
decreased GSH-to-GSSG ratio from 1.5 to 0.5 in 3 min. APO appears to have
dual redox-related actions: 1) antioxidant activity that causes rapid decrease of
H2O2 and GSH to inhibit ICa,L and prevents the slow facilitation and 2) pro-
oxidant activity that induces slow facilitation of ICa,L by increasing H2O2.
We conclude that H2O2 and GSH are important regulaors of ICa,L in ventriclar
myocytes.
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Anti-Arrhythmic Action of an ATP-Sensitive Potassium Channel Blocker
Against Atrial Fibrillation Associated with Beta-Adrenergic Stress in Rat
Hearts
Andrew F. James1, Shang Jin Kim1,2, Haifei Zhang1, Stephanie C. Choisy1,
Hua Lin1, Jules C. Hancox1, M Saadeh Suleiman1.
1University of Bristol, Bristol, United Kingdom, 2Chonbuk National
University, Jeonju, Korea, Republic of.
Atrial fibrillation (AF) is the most common disturbance of cardiac rhythm and
results in a significantly increased risk of death. Although it is widely accepted
that changes to the atrial muscle associated with heart disease make prolonged
episodes of AF more likely to occur, the mechanisms underlying the origins of
AF remain unclear. It is thought that sympathetic innervation plays an important
role in the initiation of paroxysms of AF. ATP-sensitive Kþ channels (KATP
channels) have been suggested to contribute to myocardial responses to beta-
adrenergic stress. To investigate the role of KATP channel opening in the genesis
of AF associated with beta-adrenergic stress, we examined the susceptibility to
AF of excised Langendorff-perfused hearts from adult male Wistar rats. Unipo-
lar electrograms were recorded from the left atrial epicardial surface of perfused
hearts using a multi-electrode array, allowing measurements of atrial effective
refractory period (AERP) and conduction velocity (CV) through the construc-
tion of activation maps. Paroxysms of AF were induced by burst pacing and
the incidence and duration of the arrhythmia noted. Beta-adrenergic stress was
induced by perfusion of the hearts with isoprenaline (ISO).While it was not pos-
sible to induce paroxysms of AF in control conditions, perfusion of the hearts
with ISO rendered the left atrium susceptible to pacing-induced AF; the inci-
dence and duration of which increased in a concentration-dependent manner.
The shortening of AERP and incidence of AF induced by 106M ISOwere com-
pletely blocked in the presence of the KATP channel blocker, glibenclamide
(105 M). In the absence of ISO, glibenclamide had no effect on AERP or
CV. Taken together, our results suggest that KATP channels can contribute to
atrial arrhythmogenesis during beta-adrenergic stress.
Supported by the BHF (PG/09/046).
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Functional Expression and Subcellular Localization of f-Channels in
Native Human and hESC-Derived Cardiomyocytes
Laura Sartiani1, Alexis Bosman2, Valentina Spinelli1, Martina Del Lungo1,
Alessandro Mugelli1, Marisa Jaconi2, Elisabetta Cerbai1.
1Center of Molecular Medicine University of Florence, Florence, Italy,
2Department of Pathology and Immunology, Geneve, Switzerland.
The Hyperpolarization-activated Cyclic-Nucleotide gated (HCN) genes encode
for the alpha subunit of f-channel present in the heart. HCN4 is the predominantisoform in the sinoatrial node cells and, in the rabbit, it is localized into mem-
brane caveolae, where the interaction with caveolin-3 (cav3) regulates f-current
properties. HCN4 is abundant in undifferentiated human embryonic stem cells
(hESC) and immature hESC-derived cardiomyocytes (hESC-CMs). Maturation
is associated with modifications of f-channel functional properties. To date, no
information is available on i) the subcellular localization of HCN4 and cav3 in
hESC- and native human CMs ii) the functional consequences of their associ-
ation on f-current properties. Confocal microscopy showed that HCN4 and
cav3 colocalize in native human adult CMs. In the same cells, f-current was
consistently recorded (70% cells), with a voltage of half maximal activation
of 102 and 101 mV in atrial and ventricular CMs, respectively. Protein
and mRNA for cav3 were not detected in undifferentiated hESC, but expression
increased during maturation of hESC-CMs. HCN4 was highly expressed in
hESC and d30 hESC-CMs, but decreased in d60 and d110 hESC-CMs. In
the d110 cells, HCN4 appeared to be associated with cav3. Activation proper-
ties of f-current recorded from d110 hESC-CMs, resembled those measured in
native atrial and ventricular CMs. Current activation occurred at more positive
potentials in d60 hESC-CMs and native human fetal CMs. In native atrial
CMs disruption of caveolae shifted f-current activation curve to more positive
potentials.
In conclusion, our data shows for the first time that HCN4 and cav3 associate in
native human and hESC-derived CMs. Expression of cav3 and its association
with ionic channels likely represents a crucial step of cardiac maturation, which
may result in changes of cellular electrophysiological properties and modula-
tion by endogenous signals.
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Biophysical Properties of the Kcnq1 S277l Mutation Linked to Hereditary
Long Qt Syndrome with Phenotypic Variability
Parwez Aidery, Jana Kisselbach, Patrick A. Schweizer, Ruediger Becker,
Hugo A. Katus, Dierk Thomas.
Med Univ Hosp Heidelberg, Heidelberg, Germany.
Hereditary long QT syndrome (LQTS) is associated with ventricular torsade de
pointes tachyarrhythmias and sudden cardiac death. Mutations in a cardiac volt-
age-gated potassium channel, KCNQ1, induce the most frequent form of
LQTS.We identified a KCNQ1missense mutation, KCNQ1 S277L, in a patient
presenting with recurrent syncope triggered by emotional stress (QTc = 528
ms). This mutation is located in the conserved S5 transmembrane region of
the KCNQ1 channel. Using in vitro electrophysiological testing in the Xenopus
oocyte expression system, the S277L mutation was found to be non-functional
and to suppress wild-type currents in dominant-negative fashion in the presence
and absence of the regulatory ß-subunit, KCNE1. In addition, expression of
S277L and wild-type KCNQ1 with KCNE1 resulted in a shift of the voltage-
dependence of activation by 8.7 mV compared to wild-type IKs, indicating
co-assembly of mutant and wild-type subunits. The electrophysiological phe-
notype of the S277L mutation corresponds well with the severe clinical pheno-
type of the index patient. However, investigation of family members revealed
three patients that exhibit asymptomatic QT interval prolongation (QTc = 493-
518 ms). In conclusion, this study emphasizes the value of biophysical testing
to provide mechanistic evidence for pathogenicity of ion channel mutations
identified in LQTS patients. The inconsistent association of the KCNQ1
S277L mutation with the clinical presentation suggests that additional genetic,
epigenetic, or environmental factors play a role in defining the individual clin-
ical LQTS phenotype.
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Activation of KNCQ1/KCNE1 Channel by Classic PKC is Impaired in
Long QT Syndrome Type 1
Jin O-Uchi, Coeli M.B. Lopes.
University of Rochester, School of Medicine and Dentistry, Rochester, NY,
USA.
Stimulation of the cardiac Kþ channel IKs (KCNQ1/KCNE1) is crucial in me-
diating the QT shortening at high adrenergic stimulation states, with mutations
in the KCNQ1 subunit being linked to a high risk of cardiac events triggered by
adrenergic stimulation. In addition to b-adrenergic receptors (AR), a1-AR is
also activated upon adrenergic stimulation in the heart. IKs is strongly regu-
lated by b-AR stimulation, but little is known about the role of a1-AR-mediated
regulation. In this study, we investigated the molecular mechanism underlying
a1-AR-mediated regulation of human IKs channel and mutant channels found
in Long QT syndrome type 1 (LQT1). We overexpressed wild-type and mutant
KCNQ1/KCNE1 subunits together with the a1A-AR in HEK293T cells. a1-AR
activation strongly facilitated voltage dependence of IKs activation indepen-
dently of b-AR stimulation (V1/2 shift y - 20 mV). This effect was blocked
by pretreatment of cell-permeable classic PKC (cPKC) inhibitory peptide
198a Monday, March 7, 2011and selective cPKC activation by cell-permeable cPKC activator peptide mim-
icked this effect. A mutation in a putative PKC phosphorylation site in the aux-
iliary subunit KCNE1 (S102A) specifically abolished the voltage shift by
a1-AR stimulation or cPKC activation, suggesting cPKC phosphorylation of
KCNE1(S102) increases IKs current through facilitation in voltage dependence
of activation. LQT1 associated mutations at the voltage activation domain
(S1-S5) of KCNQ1 subunit, also impaired cPKC regulation of the IKs channel
independently of b-AR regulation, suggesting that the interactions between the
KCNE1 and the voltage-gating domain of KCNQ1 is crucial for cPKC regula-
tion. In conclusion, our study indicates that the voltage activation of IKs by
cPKC isoform is important in the IKs channel regulation under adrenergic stim-
ulation and that impairment of this regulation may be linked to LQT1 clinical
phenotype.PLATFORM AF: Protein Assemblies
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Conical Tomography: A Simple Method to Study Proteins in Cells at High
Resolution
Guido A. Zampighi1, Salvatore Lanzavecchia2, Lorenzo Zampighi1.
1UCLA School of Medicine, Los Angeles, CA, USA, 2Universita` degli Studi
di Milano, Milano, Italy.
Despite advances in molecular biology and genetics, the location of thousand
of proteins in cells remains undetermined. The principal problems are their
small dimensions and their capacity to form large assemblies by associating
either with themselves or other proteins. We took advantage of the tendency
to form aggregates and developed a simple method that describe the three-
dimensional structure of these assemblies in cells at high resolution
(2-3nm) and in three-dimensions. As a proof of principle, we studied the al-
phaA-crystalline, a small chaperone that plays an important role in lens trans-
parency and cataract formation. To identify the assemblies containing the
chaperone, lens tissues labeled with primary anti-alphaA-crystalline and
probed with both 2nm and 5nm diameter gold particle conjugates were recon-
structed by conical tomography. First, we determined the location of all gold
particles contained within the reconstructed volume. From maps of their 3D-
distribution, we determined that gold particles formed files that repeated at
6-7nm center-to-center apart and bent at angles measuring ~90 or ~120.
Second, we identified the tethers that linked each gold particle to the assem-
blies containing the chaperone. Independent of the diameter of the gold par-
ticle, tethers formed by the association of primary and secondary antibodies
measured ~14nm in length. Finally, by applying the constraints represented
by the repeat period, the angles and the structure of the assemblies, we iden-
tified the chaperone in unlabeled tissues as small globules spaced 6-7nm apart
decorating thin filaments of the cytoskeleton. In conclusion, the high resolu-
tion in three-dimensions, the reliance on geometric constraints instead of ex-
ogenous probes and the technical simplicity are unrivaled properties of our
method for studying the contribution that proteins made to normal cell homeo-
stasis and pathological conditions.
Supported by NIH EY-04110
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Bind’NGO: Flexible Docking Model for Multiprotein Complexes with
Intrinsically Disordered Segments
Youngchan Kim1, Robert B. Best2, Jeetain Mittal3.
1Naval Research Laboratory, Washington, DC, USA, 2University of
Cambridge, Cambridge, United Kingdom, 3Lehigh University, Bethlehem,
PA, USA.
Protein-protein interactions play an essential role in many biological processes,
such asincluding DNA transcriptional regulation, signal transduction, mem-
brane-protein trafficking and, immune response, etc. Many proteins contain
flexible loops or intrinsically disordered segments, limiting the ability of atomic
simulationsrigid-body docking models to sample all possible configurations
and interaction modes between proteins. Here we develop a residue-level
coarse-grained model for simulating multi-protein complexes with intrinsic
flexibility. The intermolecular interactions are described by the transferable
energy function, which was developed and applied to many weakly binding
protein complexes. For the intramolecular interactions, G[[Unable to Display
Character: o¯]]-type potentials are derived from experimental structures. To
controlinvestigate the effectdegree of flexibility of each protein, umbrella
potentials along a reaction coordinate of native contacts or distance-root-
mean-square deviation (dRMS) are applied with varying spring constants to
control the extent of fluctuations. The model is applied to the complexes of
ubiquitin and various ubiquitin binding domains. We show that the flexibilitygenerally weakens the binding free energy, owing to the entropic penalty
upon binding. However, for some cases, a weak flexible motion in the binding
regions increases the binding free energies modestly. The model can be an
effective tool for simulating multi-protein complexes with flexible loops or
linkers, and be applied to studies of theparticularly where conformational
changes upon binding are important.
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AdhesiveWater Networks Facilitate Binding of Hydrophilic Protein Inter-
faces
Mazen Ahmad, Wei Gu, Tihamer Geyer, Volkhard Helms.
Saarland University, Saarbru¨cken, Germany.
It is well known that bulk water plays a crucial role in the biological assembly
of hydrophilic surfaces. In this work, we emphasize the special molecular na-
ture of bridging water networks in the formation of biomolecular contacts
driven by electrostatic interactions. We have studied the assembly of two hy-
drophilic protein interfaces. Extensive atomistic molecular dynamics simula-
tions reproducably recovered the native bound state of the Barnase:Barstar
complex as seen in the crystal structure of the complex and thus give atomistic
insight into the mechanism of binding. The simulations showed the structured
water in the interfacial gap to play an adhesive role between the interfaces by
forming a strong hydrogen bond network between the interfaces with a re-
duced dielectric constant compared to bulk. The role of this network is rele-
vant already during the diffusive phase and stabilizes the early intermediate
states before native contacts are formed. The convergence to the stereo-
specific complex was accompanied by maximizing the interfacial water-
mediation and formation of the highly hydrated stereo-specific complex.
We introduce a new graph-based methodology to quantify the connectness
of water networks.
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Crystal Structure of a Ten-Subunit Human Spliceosomal U1 snRNP at
5.5 A˚ Resolution
Daniel A. Pomeranz Krummel1, Chris Oubridge2, Adelaine Leung3,
Jade Li2, Kiyoshi Nagai2.
1Brandeis University, Waltham, MA, USA, 2MRC Laboratory of Molecular
Biology, Cambridge, United Kingdom, 3Harvard Medical School, Boston,
MA, USA.
Most eukaryotic protein-coding genes contain non-coding regions (introns)
that separate those coding for protein (exons). The introns must be excised
and exons spliced together from the precursor-mRNA transcript of such
genes. This process (RNA splicing) is catalyzed by the spliceosome, integral
to which are five RNA-protein complexes (U1, U2, U4, U5 and U6 snRNPs).
A first step in RNA splicing, functioning to initiate spliceosome assembly, in-
volves recognition of the junction between the 50-exon and intron (50-splice
site) by U1 snRNP. Human U1 snRNP (~250 kDa) is composed of one
RNA (U1 snRNA) and ten polypeptides (seven Sm proteins, U1-A, U1-70K,
and U1-C). An experimental electron density map at 5.5 A˚ resolution enabled
us to build U1 snRNA and, in conjunction with site-specific labeling of indi-
vidual proteins, to place the seven Sm proteins, U1-C and U1-70K into the
map. The structure reveals a hierarchical network of interactions between sub-
units. The seven Sm proteins interact to form a heptameric ring with a single-
stranded segment of U1 snRNA leafing through its center. Sm proteins form
multiple and varied interactions, with other regions of U1 snRNA as well as
other protein subunits, to stabilize the structure of the particle overall. A strik-
ing feature is the amino terminus of one subunit (U1-70K), which extends
over a distance of ~180 A˚, wrapping around the Sm protein heptameric
ring, to contact the protein U1-C. The U1-C protein is crucial for 50-splice-
site recognition. In the crystal, the zinc-finger of U1-C interacts with an
RNA duplex formed between the single-stranded 50-end of U1 snRNA and
its counterpart from an adjacent complex. This unexpected interaction pro-
vides important insight into the critical role of U1-C in recognizing the pre-
cursor-mRNA transcript 50-splice site.
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Nanomechanics of Clathrin Protein Shells
Albert J. Jin1, Eileen J. Li1, Lisa J. Pang1, Svetlana Kotova1, Dan
L. Sackett2, Paul D. Smith1, Eileen M. Lafer3, Ralph J. Nossal2.
1NIBIB/National Institutes of Health, Bethesda, MD, USA, 2NICHD/
National Institutes of Health, Bethesda, MD, USA, 3University of Texas
Health Science Center at San Antonio, San Antonio, TX, USA.
The nanomechanical properties of protein shells, ranging from virus capsids to
clathrin-coated vesicles, are functionally important and of notable recent inter-
est. Using atomic force microscopy (AFM) and, more recently, quartz crystal
